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TITLE OF THE INVENTION 

Heat Sink and Semiconductor Laser Apparatus and Semiconductor 
Laser Stack Apparatus Using the Same 
Related Application 
5 The present application is a continuation-in-part 

application of PCT application No. PCT/JP99/01603 filed on 
March 29, 1999, designating U.S.A. and now pending. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

10 The present invention relates to a heat sink employed 

for dissipating heat from a heating element such as 
semiconductor device, and a semiconductor laser apparatus 
and semiconductor laser stack apparatus using the same. 
Related Background Art 

15 Known as a heat sink for dissipating heat from a heating 

element such as semiconductor device is one having a structure 
for circulating cooling water therein, such as the one 
disclosed in Japanese Patent Application Laid-Open No. HE I 
8-139479 , for example . This heat sink comprises a pipe-like 

20 supply water path for supplying pressurized cooling water, 

a discharge water path for discharging the cooling water, 
and a nozzle for injecting into the discharge water path 
the cooling water supplied to the supply water path. The 

25 efficiently dissipates heat from the heating element mounted 

at a part directly above the nozzle. 
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SUMMARY OF THE INVENTION 

However, the heat sink in accordance with the 
above-mentioned prior art has a problem as follows. Namely, 
since the heat sink in accordance with the above-mentioned 
5 prior art has a pipe-like supply water path, the heat sink 

enhances its thickness , thereby becoming larger . Though the 
heat sink may be made thinner by reducing the diameter of 
pipe, the making thereof becomes quite difficult - Therefore, 
it is an object of the present invention to provide a heat 

10 sink which is relatively easy to make and can be made thinner, 

and a semiconductor laser apparatus and semiconductor laser 
stack apparatus using the same. 

For overcoming the above-mentioned problem, the 
present invention provides a heat sink comprising a first 

15 planar member having an upper face formed with a first groove 

portion, a second planar member having a lower face formed 
with a second groove portion , and a partition disposed between 
the upper face of the first planar member and the lower face 
of the second planar member; the partition being formed with 

20 a hole for communicating a first space and a second space 

to each other, the first space being formed by the first 
groove portion and a lower face of the partition, the second 
space being formed by the second groove portion and an upper 
face of the partition; the heat sink further comprising a 

25 supply port for supplying a fluid into the first space and 

a discharge port for discharging the fluid from the second 
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space . 

The heat sink can be made thinner since it is constituted 
by first and second planar members provided with groove 
portions, and a partition provided with a hole. Also, it 
5 can be made by relatively simple steps such as those of forming 

groove portions and forming a hole, namely, its making becomes 

relatively easy. 

The present invention provides a semiconductor laser 
apparatus comprising the above-mentioned heat sink and a 

10 semiconductor laser mounted on an upper face of the second 

planar member of the heat sink. 

Since the above-mentioned heat sink is used, the heat 
sink can be made thinner, and its making becomes easier, 
whereby it becomes possible for the semiconductor laser 

15 apparatus to be made smaller and easier. 

The present invention provides a semiconductor laser 
stack apparatus comprising first and second heat sinks and 
first and second semiconductor lasers, the first and second 
heat sinks being the above-mentioned heat sink, the first 

20 semiconductor laser being held between an upper face of the 

second planar member of the first heat sink and a lower face 
of the first planar member of the second heat sink, the second 
semiconductor laser being mounted on an upper face of the 

— _ — .J »_ 1 « — -m^wiW^-v^ ^-n -f 1 4- V» CQnrvnrl "H ^ +- Cl nlf 

25 Since the above-mentioned heat sink is used, the heat 

sink can be made thinner, and its making becomes easier, 
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whereby it becomes possible for the semiconductor laser stack 
apparatus to be made smaller and easier. 

The present invention will be more fully understood 
from the detailed description given hereinbelow and the 
5 accompanying drawings , which are given by way of illustration 

only and are not to be considered as limiting the present 
invention . 

Further scope of applicability of the present invention 
will become apparent from the detailed description given 

10 hereinafter. However, it should be understood that the 

detailed description and specific examples , while indicating 
preferred embodiments of the invention, are given by way 
of illustration only, since various changes andmodif ications 
within the spirit and scope of the invention will be apparent 

15 to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWN 1NGS 

Fig. 1 is a perspective view of a semiconductor laser 

stack apparatus; 

Figs . 2A to 2C are exploded perspective views of a heat 

20 sink; 

Fig. 3 is an explanatory view of the heat sink as seen 
from thereabove; 

Fig. 4 is an explanatory view of the heat sink as seen 

from a side thereof; 
2 5 Fig. 5 is a perspective view of an intermediate planar 

member ; 
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Fig. 6 is a perspective view of an intermediate planar 
member ; 

Fig. 7 is a perspective view of an intermediate planar 
member ; 

5 Fig. 8 is a perspective view of an intermediate planar 

member ; 

Figs. 9A to 9C are exploded perspective views of a heat 

sink; 

Fig. 10 is an explanatory view of the heat sink as seen 
10 from thereabove; 

Fig. 11 is an explanatory view of the heat sink as seen 
from a side thereof; 

Fig. 12A is a plan view of a riser; 

Fig. 12B is a sectional view taken along the line I-I 
15 of Fig. 12A; 

Fig. 12C is a sectional view taken along the line II-II 
of Fig. 12A; and 

Figs. 13A and 13B are exploded perspective views of 
a lower planar member. 
20 DESCRIPTION OF THE PREFFERRED EMBODIMENTS 

The semiconductor laser stack apparatus in accordance 
with an embodiment of the present invention will be explained 
with reference to drawings. The semiconductor laser 

2 5 in the semiconductor laser stack apparatus in accordance 

with this embodiment. 
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First, the configuration of the semiconductor laser 
stack apparatus in accordance with this embodiment will be 
explained . Fig . 1 is a perspective view of the semiconductor 
laser stack apparatus in accordance with this embodiment. 
5 As shown in Fig. 1, the semiconductor laser stack apparatus 

1 in accordance with this embodiment comprises three 
semiconductor lasers 2a to 2c, two copper plates 3a and 3b, 
two lead plates 4a and 4b, a supply tube 5, a discharge tube 
6, four insulating members 7a to 7d, and three heat sinks 

10 10a to 10c. In the following, each constituent will be 

explained. For convenience of explanation, the positive 
z-axis direction and negative z-axis direction in Fig. 1 
will be referred to as the upper and lower sides , respectively , 
in the following. 

15 The semiconductor lasers 2a to 2c are semiconductor 

lasers each having a plurality of laser emission points 
arranged in a predetermined direction (y-axis direction) . 
The semiconductor laser 2a is held between the upper face 
of heat sink 10a (the upper face of an upper planar member 

20 16 which will be mentioned later, ditto in the following) 

and the lower face of heat sink 10b (the lower face of a 
lower planar member 12 which will be mentioned later, ditto 
in the following) ; the semiconductor laser 2b is held between 
the uDoer face of heat sink 10b and the lowpr farp nf heat 

25 sink 10c; and the semiconductor laser 2c is mounted on the 

upper face of heat sink 10c. Here, each of the semiconductor 
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lasers 2a to 2c is disposed such that the direction in which 
its laser emission points are arranged and the upper faces 
of heat sinks 10a to 10c are parallel to each other, whereas 
the emission surface of each of the semiconductor lasers 
2a to 2c is substantially flush with respective one side 
face of the heat sinks 10a to 10c, 

The lower face of semiconductor laser 2a is electrically 
connected to the lead plate 4a by way of the copper plate 
3a, whereas the upper face of semiconductor laser 2c is 
electrically connected to the lead plate 4b by way of the 
copper plate 3b, Here, if voltage is applied between the 
lead plates 4a and 4b, then laser light can be outputted 
from the semiconductor lasers 2a to 2c, 

Each of the supply tube 5 and discharge tube 6 is disposed 

so as to penetrate through the heat sinks 10a to 10c. In 

further detail, the supply tube 5 is connected to a supply 

port 44 (which will be explained later in detail) formed 

in each of the heat sinks 10a to 10c, whereas the discharge 

tube 6 is connected to a discharge port 46 (which will be 

explained later in detail) formed in each of the heat sinks 

10a to 10c. Therefore, a fluid such as cooling water can 

be supplied from the supply tube 5 to the heat sinks 10a 

to 10c, and the cooling water can be discharged from the 

heat sinks 10a to 10c to the di scharae tube 6. 

_/ 

The insulating members 7a, 7b, 7c, 7d made of rubber 
are disposed, respectively, on the lower side of heat sink 
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10a, in the gap between the upper face of heat sink 10a and 
the lower face of heat sink 10b, in the gap between the upper 
face of heat sink 10b and the lower face of heat sink 10c f 
and on the upper side of heat sink 10c so as to surround 
5 the supply tube 5 and discharge tube 6. The insulating 

members 7a to 7d function to secure insulation between the 
individual heat sinks and prevent the cooling water from 
leaking . 

The heat sinks 10a to 10c are configured as follows. 

10 Here, since the heat sinks 10a to 10c have the same 

configuration, only the heat sink 10a will be explained in 
the following . Figs . 2A to 2C are exploded perspective views 
of the heat sink 10a, Fig. 3 is an explanatory view of the 
heat sink 10a as seen from thereabove, and Fig. 4 is an 

15 explanatory view of the heat sink 10a as seen from a side 

thereof . 

As shown in Figs. 2A to 2C, the heat sink 10 is formed 
by a lower planar member 12 (first planar member) , an 
intermediate planar member 14 (partition), and an upper 
20 planar member 16 (second planar member) which are 

successively stacked one upon another, whereas their contact 
surfaces are joined together by the diffusion bonding method, 
by brazing, or by use of an adhesive. 

The lower nlanar member 12 is a nlate made of Conner 

25 having a thickness of about 400 jum with two through holes 

18, 20. A supply water path groove portion 22 (first groove 
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portion) having a depth of about 200 Aim is formed on the 
upper face (the surface in contact with the intermediate 
planar member 14) side of the lower planar member 12. One 
end side of the supply water path groove portion 22 is connected 
5 to the through hole 18, whereas the other end side spreads 

in the widthwise direction of lower planar member 12 (y-axis 
direction of Fig. 1) . Also, in the supply water path groove 
portion 22, corner portions 22a are rounded in order to lower 
the flow resistance of the cooling water flowing through 

10 the heat sink 10a and reduce its stagnation . Here, the supply 

water path groove portion 22 is formed by etching the upper 
face of lower planar member 12. 

The upper planar member 16 is also a plate made of copper 
having a thickness of about 400 jam with two through holes 

15 26, 28 located at respective positions corresponding to the 

through holes 18, 20 of the lower planar member 12. A 
discharge water path groove portion 30 (second groove 
portion) having a depth of about 200 //m is formed on the 
lower face (the surface in contact with the intermediate 

20 planar member 14) side of the upper planar member 16. One 

end side of the discharge water path groove portion 30 is 
connected to the through hole 28, whereas the other end side 
spreads in the widthwise direction of upper planar member 
1 6 . Here , at 1 east a part of the di scharge water path groove 

25 portion 30 is formed at a part (the hatched part of Fig. 

3 ) overlapping the supply water path groove portion 22 formed 
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in the lower planar member 12. Also, in the discharge water 
path groove portion 30, corner portions 30a are rounded in 
order to lower the flow resistance of the cooling water flowing 
through the heat sink 10a and reduce its stagnation. Here, 
5 the discharge water path groove portion 30 is formed by etching 

the lower face of upper planar member 16. 

The intermediate planar member 14 is a plate made of 

copper having a thickness of about 100 jum having two through 
holes 34, 36 at respective positions corresponding to the 

10 through holes 18, 20 of the lower planar member 12 . The part 

where the supply water path groove portion 22 formed in the 
lower planar member 12 and the discharge water path groove 
portion 30 formed in the upper planar member 16 overlap each 
other is formed with a plurality of water guiding holes 38. 

15 Here, the water-guiding holes 38 are formed by etching the 

intermediate planar member 14 from both sides. 

In particular, the upper face of upper planar member 
16 has a semiconductor laser mounting area 100 for mounting 
the semiconductor laser 2a, which is a heating element to 

20 be cooled, whereas a plurality of water guiding holes 38 

are disposed at positions opposing the semiconductor laser 

mounting area 100. Namely, since the semiconductor laser 

2a has a substantially rectangular parallelepiped form, the 

semiconductor laser mount i no area 1 00 has a rectanau lar form - 

_ * -/ • 

25 and a plurality of water guiding holes 38 are formed so as 

to be arranged in a row in the longitudinal direction of 
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this rectangular form (y-axis direction of Fig. 1). 

When the upper face of lower planar member 12 and the 
lower face of intermediate planar member 14 are joined 
together, and the upper face of intermediate planar member 
5 14 and the lower face of upper planar member 16 are joined 

together, as shown in Fig. 3 or 4, a supply water path 40 
(first space) for supplying cooling water is formed by the 
supply water path groove portion 22 formed in the lower planar 
member 12 and the lower face of intermediate planar member 

10 14 and, similarly, a discharge water path 42 (second space) 

for discharging the cooling water is formed by the discharge 
water path groove portion 30 formed in the upper planar member 
16 and the upper face of intermediate planar member 14. Here, 
the water guiding hole 38 has a sufficiently small 

15 cross-sectional area for injecting into the discharge water 

path 42 the cooling water supplied to the supply water path 
40. 

The through hole 18 formed in the lower planar member 
12, the through hole 34 formed in the intermediate planar 

2 0 member 14, and the through hole 26 formed in the upper planar 

member 16 are connected together, so as to form the supply 
port 44 for supplying cooling water to the supply water path 
40; whereas the through hole 20 formed in the lower planar 
member 12. the through hole 36 formed in the intermediate 

25 planar member 14, and the through hole 28 formed in the upper 

planar member 16 are connected together, so as to form a 
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discharge port 46 for discharging the cooling water from 
the discharge water path 42 . 

Operations and effects of the semiconductor laser stack 
apparatus in accordance with this embodiment will now be 
5 explained. In the semiconductor laser stack apparatus 1, 

three planar members, i.e., lower planar member 12, 
intermediate planar member 14, and upper planar member 16, 
constitute the heat sink 10a to 10c. As a consequence, the 
heat sinks 10a to 10c can be constructed very thin, whereby 

10 the semiconductor laser stack apparatus 1 can attain a very 

small configuration . 

The heat sink 10a to 10c can be made by relatively simple 
steps such as those of forming groove portions like the supply 
water path groove portion 22 and discharge water path groove 

15 portion 30, and those of forming holes like the water guiding 

holes 38, whereby the making thereof is relatively easy. 
As a result, it becomes relatively easy to make the 
semiconductor laser stack apparatus 1. 

Since the water guiding holes 38 are disposed at 

20 positions opposing the semiconductor laser mounting area 

100 in the heat sinks 10a to 10c, the semiconductor laser 
stack apparatus 1 in accordance with this embodiment can 
effectively cool the semiconductor lasers 2a to 2c to be 

rnn 1 f^H _ As a rpsnlt. it. hftromfts pnssihlp for thf* 

25 semiconductor lasers 2a to 2c to output stable laser light. 

The semiconductor laser stack apparatus 1 in accordance 
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with this embodiment has a plurality of water guiding holes 
38 in the heat sink 10a to 10c, Consequently, it can cool 
the semiconductor lasers 2a to 2c uniformly over a wide range . 
As a result, spatially uniform laser light can be outputted. 
5 In the semiconductor laser stack apparatus 1 in 

accordance with this embodiment, the water guiding holes 
38 of heat sinks 10a to 10c have a sufficiently small 
cross-sectional area in order to inject into the discharge 
water path 42 the cooling water supplied to the supply water 

10 path 40. Therefore, the boundary layer in the inner wall 

of discharge water path 42 can be broken, whereby the cooling 
efficiency of semiconductor lasers 2a to 2c increases. As 
a result, it becomes possible for each of the semiconductor 
lasers 2a to 2c to output more stable laser light. 

15 Since the semiconductor laser stack apparatus 1 in 

accordance with this embodiment comprises one supply tube 
5 connected to the supply port 44 of each of the heat sinks 
10a to 10c and one discharge tube 6 connected to the discharge 
port 46 of each of the heat sinks 10a to 10c, other connection 

2 0 tubes connecting the supply tube 5 and the supply port 44 

to each other, other connection tubes connecting the 
discharge tube 6 and the discharge port 46 to each other, 
and the like become unnecessary, whereby a further smaller 
size is achieved- 

25 Though the plurality of water guiding holes 38 are 

formed so as to be arranged in a row in the longitudinal 
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direction of semiconductor laser mounting area 100 in the 
heat sinks 10a to 10c in the semiconductor laser stack 
apparatus 1 in accordance with the above-mentioned embodiment, 
they may be formed so as to be arranged in two rows in the 
longitudinal direction of laser mounting area 100 as shown 
in Fig. 5. As shown in Fig. 6, slit-like water guiding holes 
38 each extending in the transverse direction of the 
semiconductor laser mounting area 100 may be formed so as 
to be arranged in a row in the longitudinal direction of 
semiconductor laser mounting area 100. Also, one slit-like 
water guiding hole 38 extending in the longitudinal direction 
of semiconductor laser mounting area 100 may be formed as 
shown in Fig. 7, or two such guide holes may be arranged 
as shown in Fig. 8. 

The heat sink 10a may be the one shown in exploded 
perspective views of Figs - 9A and 9B . Namely, while its lower 
planar member 12 and upper planar member 16 are similar to 
those explained with reference to Figs. 2A and 2B, the 
intermediate planar member 14 is formed with a plurality 
of risers 37 raised toward the upper planar member 16 from 
their respective U-shaped incisions formed in a part of the 
intermediate planar member 14 and their corresponding water 
guiding holes 38 formed by raising the risers 37. That is, 
the water auidina holes 38 become holes for iniectina into 
the discharge water path 42 the cooling water supplied to 
the supply water path 40, whereas the risers 37 are disposed 
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at the edge portions of respective water guiding holes 38 
on the discharge water path 42 side and become guide pieces 
for restricting the direction in which the cooling water 
is outputted from the water guiding holes 38 to the discharge 
5 water path 42. In this heat sink 10a, if cooling water 

pressurized to a hydraulic pressure of about 2 to 4 kgf /cm 2 
is supplied from the supply port 44 to the supply water path 
40, then the cooling water flows through the supply water 
path 40 toward the water guiding holes 38, and are injected 

10 into the discharge water path 42 by way of the water guiding 

holes 38 . The cooling water injected from the water guiding 
holes 38 dissipates heat from the semiconductor laser 2a 
mounted at the semiconductor laser mounting area 100 . Here, 
if the semiconductor laser 2a is not disposed directly above 

15 the water guiding holes 38, then the cooling water injected 

from the water guiding holes 38 under a high pressure cannot 
hit the part directly under the semiconductor laser mounting 
area 100, whereby the heat-dissipating efficiency will 
decrease . In the configuration mentioned above , by contrast , 

20 even though the semiconductor laser 2a is mounted at a position 

not directly above the water guiding holes 38 as shown in 
Figs. 10 and 11, the direction of the cooling water injected 
from the water guiding holes 38 can be restricted by the 
risers 37 toward the semiconductor laser mounting area 100 . 

25 so that the cooling water injected under a high pressure 

can hit the part directly under the semiconductor laser 
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mounting area 100. As a result, the heat-dissipating 
efficiency improves . 

Since the risers 37 , which are guide pieces , are formed 
by cutting and raising a part of a sheet-like intermediate 
5 planarmember 14, the guide pieces can easily be formed without 

separately making members or the like for guide pieces. 

Since the risers 37, which are guide pieces, are formed 
like a sheet, the flow of cooling water directed from the 
upper part of discharge water path 42 toward the discharge 

10 port 46 after dissipating heat from the semiconductor laser 

2a is prevented from being blocked by the risers 37, whereby 
the flow resistance of discharge water path 42 resulting 
from the risers 37 can be kept low. As a result, the 
heat-dissipating efficiency can further be improved. 

15 Since the risers 37 are formed thin with a thickness 

of about 100 jum while the pressure of the cooling water 
supplied to the supply water path 40 is high, i.e., about 
2 to 4 kgf/cm 2 , the degree of opening of risers 37 changes 
depending on the hydraulic pressure of the cooling water 

20 supplied to the supply water path 40, whereby the substantial 

area of water guiding holes 38 is altered . More specifically, 
the risers 37 rise as the hydraulic pressure of cooling water 
increases, whereby the substantial area of water guiding 
holes 38 becomes greater; whereas the risers 37 fall as the 

25 hydraulic pressure of cooling water decreases, whereby the 

substantial area of water guiding holes 38 becomes smaller. 
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Therefore, notwithstanding the change in hydraulic pressure, 
the injecting rate of cooling water is kept substantially 
constant . As a result, regardless of the change in hydraulic 
pressure, the injecting rate of cooling water can be 
5 maintained substantially constant, whereby heat can 

uniformly be dissipated from the semiconductor laser 2a. 

Though the riser 37 is formed like a flat sheet in the 
heat sink 10 in accordance with the above-mentioned 
embodiment, it may be a riser 37 having a V-shaped cross 

10 section as shown in Figs. 12A to 12C. Here, Fig. 12A is a 

plan view of the riser 37, Fig. 12B is a sectional view taken 
along the line I-I of Fig. 12A, and Fig. 12C is a sectional 
view taken along the line II-II of Fig. 12A. 

If the riser 37 has a V-shaped cross section, then 

15 cooling water is injected from both side portions of the 

riser 37 as well, so that the cooling water can be injected 
over a wider area, while the flow resistance of the cooling 
water can be lowered at the time when it flows toward the 
discharge port 46 after cooling the semiconductor laser 2a. 

2 0 Though the supply water path groove portion 22 of lower 

planar member 12 in the heat sink 10a in the semiconductor 
laser stack apparatus 1 in accordance with the 
above-mentioned embodiment is formed by etching the upper 
face of the lower olanar member 12. it mav be formed as shown 

25 in Figs. 13A and 13B by stacking and bonding a first plate 

12a having a hole 12c for forming side faces of the supply 
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water path groove portion 22 and a second plate 12b for forming 
the bottom face of supply water path groove portion 22 onto 
each other. Here, the upper planar member 16 can also be 
formed by stacking and bonding two plates as mentioned above. 
5 From the invention thus described, it will be obvious 

that the invention may be varied in many ways . Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modifications 
as would be obvious to one skilled in the art are intended 
10 for inclusion within the scope of the following claims. 
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